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Descrip&on	  
§  Design	  a	  wheel/rail	  contact	  mechanics	  evaluaBon	  test	  rig	  	  

§  Provide	  the	  means	  for	  thorough	  understanding	  of	  the	  mechanics	  
and	  dynamics	  associated	  with	  the	  wheel/rail	  interacBon,	  under	  
condiBons	  that	  can	  be	  verified	  against	  field	  measurement	  

§  Provide	  the	  means	  for	  verifying	  and	  validaBng	  contact	  
mechanics	  and	  dynamics	  theories	  that	  are	  commonly	  used	  for	  
vehicle	  dynamic	  modeling	  studies	  

§  Study	  the	  performance	  of	  wheelset	  in	  terms	  of	  stability	  and	  
wheel	  climb	  (future	  plans,	  beyond	  the	  current	  phase	  of	  the	  
project)	  
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Objec&ves	  
§  Improve	  the	  understanding	  of	  wheel/rail	  contact	  mechanics	  

§  Understanding	  the	  complex	  mechanics	  and	  dynamics	  that	  occur	  
at	  the	  wheel-‐rail	  interface	  is	  criBcal	  for	  improving	  railway	  
equipment	  operaBon	  safety	  and	  efficiency	  

§  Provide	  the	  capability	  to	  more	  accurately	  measure	  the	  criBcal	  
forces,	  moments,	  and	  displacements	  that	  are	  necessary	  for	  rail	  
vehicle	  modeling	  and	  engineering	  analysis,	  far	  beyond	  the	  
means	  currently	  available	  to	  the	  FRA	  and	  rail	  industry	  

	  



Previous	  Processes	  
§  Roller	  rigs	  have	  been	  around	  for	  several	  

decades	  
§  They	  have	  been	  used	  in	  the	  U.S.	  and	  Europe,	  

and	  more	  recently	  in	  China	  and	  Korea	  
•  Mostly	  used	  for	  dynamic	  studies	  –	  wheelset	  hunBng	  
•  Some	  efforts	  to	  use	  them	  for	  energy	  efficiency	  

measurements	  
•  Also	  used	  for	  braking	  studies	  –	  more	  recently	  for	  high-‐

speed	  rail	  

§  Past	  work	  has	  shown	  that	  roller	  rigs	  can	  be	  
effecBve	  for	  assessing	  the	  gross	  dynamics	  of	  
the	  wheelset	  

§  QuesBon:	  	  Can	  they	  also	  be	  effecBve	  for	  
measuring	  the	  mechanics	  and	  dynamics	  of	  the	  
wheel-‐rail	  interface?	  
•  Involves	  accurate	  measurement	  of	  forces	  and	  

moments	  
•  Requires	  minimal	  distorBon	  of	  the	  contact	  patch	  

configuraBon	  	  



Technology	  Background	  
During	  the	  past	  2-‐3	  decades,	  we	  have	  come	  a	  long	  way	  with	  our	  
measurement	  technology:	  

§  More	  accurate	  sensors	  
§  Miniaturized	  sensors	  
§  More	  sensiBvity	  
§  Less	  costly	  

Most	  of	  these	  advancements	  have	  not	  yet	  made	  it	  into	  our	  roller	  rig	  
technology	  due	  to:	  

§  An	  old	  technology	  
§  In	  some	  ways	  forgoKen	  
§  The	  required	  tasks	  have	  not	  required	  more	  advanced	  sensors	  
	  

Bringing	  the	  new	  breakthroughs	  in	  sensory	  technology	  with	  the	  tradi&onal	  
roller	  rig	  test	  stands	  can	  hold	  promises	  for:	  

§  More	  accurate	  measurements	  
§  Using	  roller	  rigs	  for	  tasks	  that	  goes	  beyond	  their	  tradiBonal	  usage	  
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How	  the	  System	  Works	  
There	  are	  several	  elements	  that	  are	  cri&cal	  to	  the	  
success	  of	  the	  roller	  rig	  implementa&on:	  
	  

§  Rigorous	  design	  process	  that	  includes	  all	  of	  the	  
design	  gates,	  from	  specificaBon	  to	  
implementaBon	  

§  Thorough	  modeling	  and	  dynamic	  evaluaBon	  to	  
beKer	  idenBfy	  the	  criBcal	  dynamic	  elements,	  
measurement	  requirements,	  and	  feasibility	  
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Benefits	  &	  Disadvantages	  

Benefits	  
§  Compared	  to	  field	  

measurement:	  
–  More	  cost	  effecBve	  
–  Far	  more	  repeatable	  and	  

controlled	  
–  Suitable	  for	  more	  accurate	  

design	  of	  experiment	  
§  Significantly	  improve	  our	  

understanding	  of	  creepage	  
and	  the	  way	  we	  model	  it	  

§  Provides	  effecBve	  means	  for	  
studying	  different	  contact	  
condiBon	  

Disadvantages	  
§  Challenging	  measurements	  
§  How	  to	  best	  measure	  

–  Wheel	  forces	  and	  moments	  
–  Contact	  patch	  mechanics	  

§  Establishing	  the	  accuracy	  of	  
the	  tests	  
–  Requires	  comparison	  with	  

field	  data	  
§  Is	  the	  test	  data	  believable?	  
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Types	  of	  Technologies	  Being	  Evaluated	  	  

Issued	  a	  specifica&on	  
document	  
	  
Completed	  concept	  
design	  review:	  
§  18	  different	  concepts	  

were	  considered	  

§  The	  merits	  of	  each	  
concept	  were	  
evaluated	  using	  an	  
extensive	  design	  
matrix	  

§  2	  concepts	  were	  
selected	  from	  those	  
considered	  

!
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Types	  of	  Technologies	  

!
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Types	  of	  Technologies	  

Two	  concepts	  were	  selected	  
for	  further	  studies	  and	  

preliminary	  cost	  esBmaBon	  	  
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Project	  Support	  

§  FRA	  provided	  the	  Virginia	  Tech	  team	  the	  opportunity	  to	  
interact	  with	  scienBsts	  and	  engineers	  at	  Volpe	  

§  AddiBonally,	  FRA	  facilitated	  interacBon	  with	  other	  
researchers	  that	  had	  worked	  with	  roller	  rigs	  in	  Europe	  

§  We	  were	  also	  provided	  with	  a	  great	  deal	  of	  anecdotal	  data	  
by	  FRA	  from	  their	  past	  work	  with	  Track/Train	  InteracBon,	  in	  
Track	  and	  Structures	  Division	  
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Project	  Complica&ons	  
§  The	  greatest	  complicaBon	  stems	  from	  balancing	  the	  project	  

•  Requirements	  
•  Costs	  
•  Timeline	  

§  The	  logisBcs	  of	  running	  a	  roller	  rig	  at	  high	  speeds	  are	  complicated	  
•  Safety	  
•  Costs	  
•  ActuaBon	  mechanisms	  
•  Measurement	  accuracy	  
•  Others…	  

§  CalibraBon	  with	  field	  data	  
§  Results	  accuracy	  and	  validity	  
§  There	  is	  some	  skepBcism	  with	  believing/accepBng	  the	  results	  from	  a	  

roller	  rig	  
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Lessons	  Learned	  
§  A	  full-‐size	  roller	  rig	  that	  can	  be	  used	  for	  mulBple	  purposes	  is	  extremely	  

complicated	  and	  costly	  
•  AcquisiBon	  cost	  
•  Design	  complexity	  
•  OperaBonal	  costs	  
•  OperaBonal	  logisBcs	  

§  The	  roller	  rig	  must	  be	  dedicated	  to	  one	  task	  only,	  at	  least	  in	  its	  iniBal	  configuraBon	  
§  The	  dedicated	  system	  can	  be	  far	  simpler	  (and	  less	  costly)	  than	  a	  mulB-‐purpose	  rig	  
§  The	  iniBal	  modeling	  and	  engineering	  evaluaBon	  is	  key	  to	  the	  success	  of	  the	  project	  
§  For	  wheel/rail	  contact	  mechanics	  and	  dynamics	  evaluaBon,	  it	  is	  possible	  to	  use	  a	  

scaled	  rig	  
•  Our	  modeling	  work	  indicates	  that	  the	  scaling	  between	  the	  full-‐size	  and	  
scaled	  model	  is	  determinisBc	  

§  The	  scaled	  model	  can	  be	  used	  effecBvely	  as	  a	  stepping	  stone	  for	  a	  full-‐scale	  model,	  
if	  one	  chooses	  to	  embark	  on	  that	  iniBaBve	  
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Key	  Success	  Factors	  
§  The	  key	  to	  the	  success	  of	  the	  project	  has	  been	  due	  to	  the	  frequent	  

interacBon	  between	  the	  FRA	  and	  Virginia	  Tech	  team	  
•  Periodic	  program	  reviews	  with	  FRA	  and	  Volpe	  
•  Included	  the	  enBre	  research	  team	  
•  Opted	  for	  face-‐to-‐face	  meeBngs	  
•  Went	  beyond	  presentaBons	  

-‐  The	  meeBngs	  were	  working	  sessions	  
-‐  OEen	  lasted	  ½	  day	  

§  The	  meeBngs	  included	  the	  project	  stakeholders	  beyond	  our	  
sponsor	  

§  The	  free	  and	  frequent	  communicaBon	  between	  the	  project	  team	  
and	  the	  stakeholders	  have	  proven	  to	  be	  posiBve	  and	  rewarding	  
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Recommenda&ons	  
§  Build	  a	  scaled,	  single	  wheel	  roller	  rig:	  

–  1/4	  to	  1/5	  	  of	  full/scale	  
	  

§  The	  proposed	  roller	  rig	  is	  arranged	  such	  that	  the	  roller	  rail	  rotates	  in	  a	  
horizontal	  plane	  perpendicular	  to	  the	  wheel	  plane	  
–  Reducing	  the	  rail	  curvature	  effect	  	  
–  Reducing	  contact	  patch	  distorBon	  	  

§  Primary	  Purpose:	  	  Precise	  creep	  force	  data	  collec&on	  and	  creepage	  model	  
valida&on	  

§  Secondary	  Purpose:	  	  Steppingstone	  for	  a	  full-‐scale	  rig	  	  
–  Allowing	  for	  standard	  and	  fielded	  component	  tesBng	  

§  The	  risks,	  complexi&es,	  and	  costs	  associated	  with	  the	  scaled	  rig	  are	  
manageable	  
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Lunch	  |	  Nearby	  Food	  Op&ons	  	  
(all	  within	  5-‐7	  minutes	  walking	  distance)	  

•  Au	  Bon	  Pain:	  601	  Indiana	  Ave	  NW	  #	  1Washington,	  DC	  20004	  

•  Burger	  King:	  501	  G	  Street	  NW,	  Washington,	  DC	  20001	  

•  Chipotle:	  	  601	  F	  Street	  NW,	  Washington,	  DC	  20005	  

•  Cosi:	  601	  Pennsylvania	  Ave	  NW	  #	  2	  Washington,	  DC	  20004	  

•  Dunkin	  Donuts:	  	  601	  F	  Street	  NW,	  Washington,	  DC	  20004	  

•  Firehook	  Bakery	  &	  Coffee	  House:	  441	  4th	  Street	  NW,	  Washington,	  DC	  20001	  

•  Jack’s	  Famous	  Deli:	  501	  3rd	  St	  NW	  #	  2,	  Washington,	  DC	  20001	  

•  Quiznos	  Sandwiches:	  772	  5th	  St	  NW,	  Washington,	  DC	  20001	  

•  Starbucks:	  443	  7th	  St.	  NW,	  Washington,	  DC	  20004	  

•  Subway:	  501	  D	  Street	  NW,	  Washington,	  DC	  20001	  


